To compare the response by overweight individuals, counselled in a work environment, to energy-reduced diets in which the amount of sucrose-containing foods is varied. DESIGN: Two energy-reduced diets were designed as a weight-reducing programme. A low-sugar diet (LSD) providing 5% of its energy from sucrose and a sugar-containing diet (SCD) providing 10% of its energy from sucrose incorporated as sweet foods were devised. Both diets were constructed to contain about 33% of the energy from fat. The diets, designed to provide a de®cit of 2.51 MJaday (600 kcaladay) per individual, were randomly allocated to subjects in an 8 week parallel design study. SUBJECTS: Ninety-®ve subjects were recruited from a large service industry if they were more than 7 kg (1 stone) in weight above body mass index (BMI) 25 kgam 2 . Sixty-eight subjects completed the programme. MEASUREMENTS: Fortnightly body weight measurements were taken using calibrated scales; BMI at baseline and week 8; and nutrient intake using 2 day food record diaries at baseline and weeks 2, 4 and 8. RESULTS: Weight loss over the 8 weeks was 2.2 kg (LSD) and 3.0 kg (SCD). BMI changed from 29.2 on the LSD and 30.1 kgam 2 SCD at baseline to 28.2 and 28.8 kgam 2 at week 8 respectively. The actual prescribed commercially added sucrose intakes were 5% energy (LSD) or 10% energy (SCD). Reported percentage energy from fat was signi®cantly lower on the SCD (and would seem to support the theory of an inverse relationship between fat and sugar) than on the LSD, where there was seen to be no signi®cant reduction. There was no evidence of micronutrient dilution that could be directly attributed to the sucrose content of the diets. CONCLUSION: These results provide no justi®cation for the exclusion of added sucrose in weight-reducing diets.
Introduction
Over the last decade, in the UK there has been a substantial increase in the number of people classed as overweight or obese, 1,2 this rise being constant for men and women in all age groups. 3, 4 Yet, efforts to reverse this trend using weight loss programmes are largely unsuccessful, 5 possibly due to poor compliance. Sugar has often been blamed as a source of empty' calories and although this has not been con®rmed in practice, 6, 7 many weight loss strategies still advise low-sugar regimens. However, it is possible that attempts to exclude this ubiquitous food may impair compliance. McCreery, 7 found that the composition of weight-reducing diets, particularly the frequent exclusion of foods containing added sugar, had a signi®cant, negative in¯uence on compliance rates. 8 Conversely in a`healthy eating' study, 9 where a reduction in dietary fat was prioritised, allowing ad-libitum sugar, subjects reported a more positive attitude towards several quality of life statements than those subjects asked to reduce intakes of sugar. The authors concluded that the positive attitude towards healthy eating and a feeling of wellbeing may promote dietary change long term. Westenhoefer et al 9 suggest that the general avoidance of sucrose and sucrose-containing foods offers no general advantage in a weight-reducing diet. 10 The present study investigates whether there is an advantage to minimising the sugar content of weight-reducing regimens and explores whether the omission of sugar-containing foods is a factor in compliance.
Subjects
Subjects were recruited from a large service industry with the help of the Occupational Health Nurse. Bulletins were sent around each department, inviting individuals who were more than 7 kg (1 stone) over ideal body weight (assessed by body mass index (BMI); 25 kgam 2 ) to join a free slimming programme. A preliminary meeting was set up to give the subjects further details about their involvement, the two diets being tested and to complete screening forms for assessing their suitability for the study. Subjects were included if they were between 20 and 60 y of age, free from any serious or chronic illness which required regular medical andaor dietary supervision and had not been following any weight-reducing programme over the previous year.
A sample size of 68 was estimated to have a 90% probability of detecting a real change of 1.0 kg in body weight at the 5% signi®cance level. Subjects were recruited to allow for a 25% drop-out rate, 11 therefore 95 were recruited in total. Ethical approval was granted by Queen Margaret University College Ethics Committee. Personal and demographic data were collected at a screening meeting.
Methods

Experimental diets
Two energy-reduced diets were developed which were similar except for quanti®able differences in the ratio of starch:sucrose. The LSD was a traditional low-fat, weight-reducing diet containing no more than 5% total energy from added sucrose. The SCD was a low-fat weight-reducing diet which incorporated sweet foods in order to maintain the sucrose content at around 10% of total energy. Diet sheets were divided into food groups and allowances were prescribed in the form of food exchanges for each subject. These differed only in their source of carbohydrate (ie sugar vs starch). The number of allowances depended on the subject's initial energy intake so each diet was individual. A negative energy balance was formulated to enable weight loss of 0.5 ± 1 kgawk (1 ± 2 lbawk), normally a de®cit of 2.5 MJaday (600 kcaladay).
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The amount of added sucrose in the SCD was determined by recommendations set by the Department of Health. 12 In the report Dietary Reference Values for Food Energy and Nutrients for the UK (1991), it was proposed that the population's average energy intake of non-milk extrinsic sugars should not provide more than 10% of the energy requirements. In the present study, these recommendations were used in the absence of guidelines for sucrose consumption for those following weight-reducing diets. Thus, assuming mean energy requirements for males and females to be 9.4 MJaday, an energy reduction of 2.5 MJaday 12 would leave 6.9 MJaday as the overall energy intake for the weight-reducing diet. If 10% of this total were to be sucrose, this can be calculated 0.7 MJaday or 44 g sucrose. The subjects were each given instructions to follow a diet plan which reduced their daily energy by 2.5 MJaday (600 kcaladay). As the diet plan was unique for each individual, the absolute amount of sucrose varied but the proportion remained close to 10% of total energy.
Study design
Once selected onto the study, subjects kept a baseline unweighed diet inventory for 2 days (including one weekend day). Mean daily energy intake was estimated from this inventory and used to calculate the energy allowance for each subject assuming a desired energy de®cit of 2.5 MJaday. Energy intakes estimated from the inventory were found to correlate signi®cantly (Pearson's r 0.58; P`0.001) with estimated 24 h energy expenditure predicted by BMR Â 1.4 (PAL), 13 thus con®rming the validity of the estimates. Subjects were then randomly allocated to either the LSD or SCD for a study period of 8 weeks.
At weeks 2, 4 and 8, subjects repeated the 2 day unweighed diet inventory. As at baseline both a week day and a weekend day are included. Clear instructions for completing the inventory and for estimating the weights of foods were given in a record booklet which also included descriptions of average household portions. Subjects were followed up every fortnight to clarify and con®rm any discrepancies in the diet records.
14 Completed diet inventories were analysed using a database obtained from The Royal Society of Chemistry based on The Composition of Foods 15 and the COMP-EAT 4 nutritional analysis package (Nutrition Systems). The commercially added sucrose contents of foods were obtained from data provided by the Dunn Clinical Nutrition Centre.
Subjects were weighed at baseline and at each follow-up meetings using Salter scales which were calibrated regularly against dead weights. Height was measured at baseline using a wall monitored stadiometer. BMI was calculated by dividing weight (kg) by the square of height (m).
Statistical analysis was carried out using SPSS for Windows. Means and standard errors of the means were calculated for nutritional and anthropometric data and intra-group differences between baseline and week 8 values were assessed using the paired Student's t-test. Inter-group differences between LSD and SCD at baseline and at week 8 were assessed using the independent Student's t-test.
Results
Personal anthropometric and demographic data Forty-seven females were recruited for the study and of these 13 (27%) dropped out leaving 34 to complete the programme. Forty-eight males were recruited and of these 14 (29%) dropped out, leaving a ®nal number of 34. Of the total number who completed the weight-reduction programme, 35 were assigned to the LSD and 33 were assigned to the SCD. There was no signi®cant difference in the drop-out levels between the two dietary treatments. The drop-outs were younger and heavier but not statistically signi®cantly so (Table 1) .
Weight loss
Body weight decreased signi®cantly on both diets during the ®rst 8 week study period (P`0.001), but there were no signi®cant differences in weight loss between the two experimental diets ( Table 2 ). The expected mean weight loss estimated from a 2.5 MJaday energy de®cit over 8 weeks (140.6 MJ) was 4.8 kg. The actual weight loss was 2.2 kg on the LSD and 3.0 kg on the SCD, suggesting that compliance was not ideal. The mean energy intake estimated from the 2 day diet inventories was 5.6 ( AE 1.5) and 5.9 ( AE 1.6) MJaday for the LSD and SCD, respectively, over the 8 week period. There were no statistical differences between the groups for reported intake. It was calculated that this would incur a de®cit of 3.7 ( AE 2.8) and 3.4 ( AE 2.9) MJaday for the LSD and SCD groups respectively. If the reported intake and subsequent de®cit in energy intake is correct this would have lead to an energy de®cit of 200.8 MJ over the 8 weeks and a weight loss of 6.9 kg. These ®gures indicate`compliance rates' of 30% of predicted weight loss on the LSD and 43% on the SCD. These differences in`compliance rates' between the two diet groups were not statistically signi®cant.
The 95% limits of agreement 10 indicated for the group a slight bias towards under-reporting (mean difference was 7689 kJ (7164 kcal)). At the individual level the error ranged from 3582 to 74960 kJ (853 to 71181 kcal). The initial EI:BMR was 1.3 for both groups.
Macronutrient intakes
No signi®cant differences in energy, fat, carbohydrate and sucrose intakes were found between the two groups at baseline (Figure 1 ). Figure 1 also indicates that from week 2 No signi®cant differences were observed between the LSD and SCD for these variables. Weight was recorded at fortnightly intervals on calibrated scales; t-tests were used to assess differences between the groups.
Weight loss following low-sucrose diet JA West and AE de Looy onward there was little variation within each group for intake of energy and macronutrients. At week 8, in the SCD group, sucrose intakes as a proportion of energy were no different from baseline at 9.3% of energy. However, there was a decrease in percentage energy from fat (39.0 to 33.0%, P`0.05) and concurrent increases in percentage energy from total carbohydrate (44.0 to 46.0%, P`0.05) and from protein (16.0 to 21.0%, P`0.01). As Table 3 shows, similar changes in percentage energy from fat, carbohydrate and protein over the 8 weeks did not occur in the LSD group. However, as anticipated, percentage energy from sucrose fell from 8.7 to 4.6% (P`0.001). At the end of the 8 weeks, those on the SCD were consuming diets which were signi®cantly higher in carbohydrate, sucrose and total sugars as a proportion of energy than those on the LSD. Percentage energy from fat also fell signi®cantly in the SCD group.
Micronutrient intakes
Reported micronutrient consumption, expressed as absolute values, showed some signi®cant changes between weeks 1 and 8 (Table 4 ). In the LSD group, there was a reduction in calcium (P`0.001) and iron (P`0.01) and an increase in vitamin C (P`0.05). In the SCD group, there was an increase in vitamin C (P`0.001) and decrease in Vitamin E (P`0.001). When the change in micronutrient intakes over the 8 weeks was compared between the dietary treatments, the only difference that emerged was a greater increase in vitamin C in the SCD compared with the LSD (29.3 mg increase compared with 6.7 mg increase; P`0.05).
All micronutrient intakes on both of the diets were above UK reference nutrient intakes.
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Discussion
Although there was a signi®cant amount of weight lost on both experimental diets between baseline and 8 weeks, there were no signi®cant anthropometric differences between the diet groups. The similarity of weight reduction on each diet was an important ®nding because it suggests that a satisfactory weight loss can be achieved whether or not sugar is included in the dietary regime. In fact, a diet which contains a high percentage of energy from starch and sugar may promote weight loss if the percentage energy from fat is 17 where weight reduction was not the focus of the project, those subjects on a low fat ad-libitum sugar healthy eating plan lost a signi®cant 2.4 kg over a 6 month period. The mean EI:BMR of 1.3 for each group indicates that some under-reporting was occurring. Two days were used to record habitual intake and this could by chance contain low intake days. 18, 19 Bandini et al 20 suggest that even 2 weeks may not be suf®cient to derive a representative measure of total energy expenditure. As there was little variation within each group after week 2 for energy and nutrients, increasing the days of recording may not have increased the validity. Six days of records are suf®cient to estimate nutrient intake in population groups. 21 The shift towards a reduced fat intake and increased carbohydrate intake may have aided weight loss on the SCD as this was not seen in the LCD group. The ®nding that higher carbohydrate intakes are related to lower fat intakes and weight loss is supported by studies which have used self-selected samples. 22 ± 25 Conversely, diets low in sugar containing foods are often associated with higher BMIs than those consuming high sugar diets in both children 26 and adults. 16 However there may be gender differences. 27 It has been suggested that sugar plays an important role in achieving a more bene®cial equilibrium between fat and carbohydrate consumption, 28 ± 30 perhaps by adding to the overall carbohydrate load or by adding palatability to other high carbohydrate foods. One study where sugar was removed from the diet by substituting sucrose sweetened drinks for diet drinks 31 showed no reduction in total energy intake and even a higher energy intake the following day.
The present study did not initially set out to reduce fat but only to create an energy de®cit which would lead to weight loss. However, by allowing the baseline proportion of energy from sugar to be maintained on the SCD, carbohydrate levels rose signi®cantly by 2% of food energy and fat levels signi®cantly reduced by 6.0% of food energy. On the LSD, sugar intakes dropped by 4.1% of food energy but carbohydrate and fat levels did not change signi®cantly.
However, maintaining sucrose intakes at the target level of 45 g per day was problematic. Out of the 33 subjects following the SCD, 18 (54%) consumed 30 g or more of sucrose and of these only nine (50%) consumed over 45 g. Attitudes and beliefs towards sucrose and weight loss may have affected the compliance of subjects in this respect as the inclusion of sucrose in weight-reducing diets is more usually discouraged by dietitians and health educators. It would be interesting to know, had all subjects reached the target level of sucrose intake, if the trend towards an increased weight loss in the SCD (0.8 kg difference compared with LCD) would have become signi®cant.
Increasing the carbohydrate:fat ratio may be important in both the short and long term because of the bene®cial effects on sparing of fat-free mass 32 and maintaining metabolic rate. 32, 33 Low-fat, high-carbohydrate diets can result in signi®cant weight loss. 22, 23 However, diets high in complex carbohydrates which are to be consumed over a long period are often found by patients to be bulky and unpalatable. 34, 35 The inclusion of moderate amounts of sucrose in weight-reducing diets would be likely to overcome this problem and enable the successful promotion of high carbohydrate intakes.
There has been much con¯icting research on the possible micronutrient diluting effects of diets with a high proportion of sucrose. The COMA report, 1989, Dietary Sugars and Human Diseases 36 suggested that the micronutrient density was lowest in those diets selected for the highest proportional contribution of non-milk extrinsic sugars. Particularly at risk were those individuals with a low energy intake such as dieters. Sucrose has been criticised as nutrient diluting by some 37 and not con®rmed as such by others. 38 ± 40 For example, Bolton-Smith and Woodward 39 found in a sample of 11 626 Scottish adults that the lowest levels of micronutrients existed in both the top and bottom ®fths of added sugar intake. Intakes were highest in the middle ®fths. Gibson 4l analysed the diets of 2705 adolescents and found that calcium and ribo¯avin intakes were positively related to sugar consumption, while iron and nicotinic acid were negatively related. Thiamin and vitamins A and C were not related at all. The present study found that micronutrient intakes were not compromised on the SCD when compared with UK guidelines, despite the reduction in energy intake to a level where weight was lost.
Conclusion
Similar levels of weight loss were achieved whether or not sucrose was incorporated into the weight-reducing diet at a level of around 10% of energy. Since percentage energy from fat signi®cantly reduced on the sugar-containing diet but not on the low sugar diet, there may be advantages to encouraging moderate levels of sucrose intake. This is strengthened by the ®nding that micronutrient intakes were not compromised by the addition of sucrose, despite the low energy intakes. We conclude that the practice of avoiding sucrose in weight-reducing diets is of questionable value.
